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ABSTRACT: A convenient strategy for the synthesis of sulfur ylides via rhodium-catalyzed coupling of in situ generated iodoni-
um ylides with sulfides or sulfoxides has been developed. A wide range of sulfur ylides were obtained in moderate to good yields 
from inexpensive sulfur compounds and active methylene compounds at short reaction time (MW, 5 - 10 min) or 12 – 16 h at rt. 
Furthermore, these sulfoxonium ylides were used as novel acceptor/acceptor carbenes for N-H insertion reactions. 
Sulfur ylides are important synthetic precursors in organic 
transformations.1 Initially, sulfur ylides were used mostly for 
epoxidation, cyclopropanation, aziridination reactions, Stevens 
rearrangement, and [2,3]-sigmatropic shift reactions.2 Asym-
metric versions of all these reactions were also described. 
Recently, these reagents have found application in the synthe-
sis of complex molecules through cascade cyclizations.3 Their 
synthetic potential was well demonstrated in the synthesis of 
numerous bioactive natural products and pharmaceuticals.4 
Besides synthetic exploration, sulfur ylides also exhibit anti-
microbial properties.5 Similar to diazo metal carbenes, sulfur 
ylides produce metal carbenes when subjected to metals under 
suitable conditions.6 Most of the sulfur ylides are crystalline, 
bench-stable compounds, do not produce gas, and are not 
explosive. These characteristics make sulfur ylides promising 
substitutes for diazo compounds, particularly in large-scale 
reactions.7 Recently, we have observed that sulfoxonium ylide 
derived iridium carbenoids can undergo selective N-H and C-
H insertion reactions.8 
Generally, sulfur ylides can be prepared i) from sulfonium and 
sulfoxonium salts followed by deprotonation with strong ba-
ses3c, 9 or ii) by the reaction of sulfides or sulfoxides with 
metal carbenes generated from -diazo carbonyl compounds.10 
These methods have drawbacks related to the prior synthesis 
and handling of diazo reagents and the use of strong bases or 
stoichiometric amounts of metal salts for decomposition of the 
diazo compounds. Thus, it would be desirable to develop 
efficient and operationally simple protocols for the direct 
preparation of sulfonium/sulfoxonium ylides. In this context, 
Maulide and co-workers synthesized sulfonium ylides using 
bis[α,α-bis(trifluoromethyl) benzyloxy]diphenylsulfur (Mar-
tin’s sulfurane) as a doubly activated ylide transfer reagent 
under mild reaction conditions with good to excellent yields 
(Scheme 1).11 Although this process allows a direct synthesis 
of sulfonium ylides, it requires a relatively costly ylide transfer 
reagent (88€/g)12 and is limited to diphenyl groups on sulfur. 
To the best of our knowledge, there are no reports on direct 
access of sulfoxonium ylides.  
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Inspired by a recent report on the use of in situ generated 
iodonium ylides as substitute for diazocarbenes in a Buchner 
reaction,13 we became interested in exploring a related ap-
proach in the direct preparation of sulfur ylides. We envi-
sioned that in situ generated iodonium ylides obtained from 
phenyliodonium diacetate (PhI(OAc)2) and active methylene 
compounds may react with commercially available sulfoxides 
or sulfides to provide sulfur ylides.  
 
Scheme 2. Metal Catalyzed Selective Reactions of in situ 
Generated Iodonium Ylidea 
 
aConditions: 1 (1.0 mmol), PhI(OAc)2(1.2 mmol), catalyst (2-5 
mol %), MgO (2.0 mmol), DMSO (2 mL), MW (100 °C), 5-10 
min. 
We initiated our investigations by screening various catalysts 
(Cu, Rh, Fe, Ni, and Ir) and reaction conditions (see the Sup-
porting Information) for the PhI(OAc)2-mediated coupling of 
dimethyl sulfoxide (DMSO) and active methylene compound 
1. The best results were obtained with Rh(OAc)2 (2 mol %) 
and MgO (2.0 equiv) providing the desired sulfoxonium ylide 
2 in 76% yield (Scheme 2). The reaction was surprisingly fast 
(5 min) with microwave-assisted heating, perhaps due to the 
high solubility of iodonium ylides in DMSO and large excess 
of the sulfoxide reagent. Using Cu(OTf)2 instead of Rh(OAc)2 
in similar conditions afforded dimerized product 3 in 42% 
yield14 and a trace amount of ylide 2. Interestingly, using 
FeBr2 (5 mol %) and MgO or NaOAc (2 equiv) as base afford-
ed acetate inserted compound 4 in 72% yield as exclusive 
product. 
With the optimized rhodium-catalyzed conditions for synthesis 
of sulfoxonium ylides 2 in hand, we then investigated the 
substrate scope of this method (Scheme 3). A range of β-keto 
esters and 1,3-diketones and malonates were efficiently trans-
formed to their corresponding sulfoxonium ylides 2a–u in 
moderate to good yields (40–80%). Aryl-substituted β-keto 
esters containing electron-donating or electron-withdrawing 
and halo substituents on the benzene ring (1a–g) gave slightly 
better yields when compared to alkyl substituted β-keto esters 
(1h–l). The size of the alkyl substituent on β-keto esters (1h–l) 
did not affect the yields of the reaction. β-Keto esters with 
heteroaromatic substituents, such as furan and indole groups, 
did also afford the corresponding sulfoxonium ylides (2m, 
2n), albeit in moderate yields (46–48%). The reactions of 
cyclic and acyclic 1,3-diketones bearing aromatic or aliphatic 
groups gave the corresponding ylides (2o–2r) in good yields 
(77–81%), whereas malonate esters (2s, 2t) reacted less effi-
ciently and with moderate yields (40–46%). The reaction 
afforded only trace amounts of the desired sulfoxonium ylides 
when one of the acceptor groups was a sulfone, nitro or cyano 
group and simple ketones did not provide the desired sulfoxo-
nium ylides. Gratifyingly, the reaction of ethyl benzoylacetate 
with diphenyl sulfoxide in 1,2-dichloroethane as solvent af-
forded corresponding sulfoxonium ylide 2u in reasonable 
yield (58%). 
 







aReaction conditions: 1 (1 mmol), PhI(OAc)2 (1.2 mmol), 
Rh2(OAc)4 (2 mol %), MgO (2 mmol), DMSO (2.0 mL), MW 
(100 °C), 5 min. Yields are for the isolated product. bThe reaction 
was carried out in 1,2-dichloroethane (2.0 mL) and diphenyl 
sulfoxide (3 mmol), MW (100 °C), 5 min. 
To demonstrate the practicality, a scaled-up synthesis of sul-
foxonium ylide 2b (67% yield, 1.13 g scale) was carried out. 
However, small amounts of byproducts were unavoidable 
during gram-scale synthesis. This reaction can also be carried 
out at rt for 12 h with almost the same yield. 
Next, we investigated the analogues preparation of sulfonium 
ylides from sulfides. Applying the same conditions as for the 
formation of sulfoxonium ylides, but replacing the sulfoxide 
(DMSO) with sulfides 5 (3 mmol) in 1,2-dichloroethane as 
solvent, provided a variety of sulfonium ylides 6a–e from β-
keto esters or 1,3-diketone (1 mmol) (Scheme 4). Pleasingly, 
the intramolecular coupling of sulfide with active methylene 
compound yielded sulfonium ylide 6f in 51% yield. 
 
Scheme 4. Scope and Limitations of Sulfonium Ylide For-
mationa 
 
aReaction conditions: 1 (1 mmol), 5 (3 mmol), PhI(OAc)2 (1.2 
mmol), Rh2(OAc)4 (2 mol %), MgO (2 mmol), 1,2-dichloroethane 
(2.0 mL), MW (100 °C), 5 min. Yields are for the isolated prod-
uct. bThe reaction was carried out in dimethyl sulfide and 1,2-
dichloroethane (1:1) at rt.  
A plausible reaction pathway for the formation of sulfur ylides 
is shown in Scheme 5. First, the active methylene compound 
reacts with PhI(OAc)2 under basic condition to give an iodoni-
um ylide, which further generates a rhodium carbene complex 
with Rh(OAc)2. This carbene complex is trapped by sulfide or 
sulfoxide to generate the corresponding sulfur ylide.  
Scheme 5. Plausible Reaction Mechanism 
 
Under copper catalyzed conditions, the copper may increase 
the nucleophilicity of the active methylene compound and lead 
to attack on the in situ generated carbenoid to give dimerized 
product 3 (Scheme 5).14 In the presence of iron, a metal car-
bene can be generated directly15, or iron can generate the car-





carbene reacts with acetic acid, which is a byproduct of io-
donium ylide.17. Although literature supports that different 
metal carbenoids exhibit significantly different reactivity 
under similar conditions,18 detailed studies are needed to un-
derstand the switch in chemoselectivity in the present study. 
Acceptor/acceptor sulfonium ylides 6 have been explored in 
transition metal and photoredox catalyzed annulation reac-
tions19 forming hetero- and carbocycles and group transfer 
reactions.20 As the reactivity of acceptor/acceptor sulfoxonium 
ylides 2 is unknown, we investigated the possibility of activat-
ing sulfoxonium ylides 2 as a new acceptor/acceptor carbene 
for N-H and O-H insertions. Owing to their high stability and 
solubility, these sulfur ylides may overcome the limitations of 
iodonium ylide-derived carbenoids such as low solubility in 
most solvents, purification requirements, and instability.21 
Treatment of sulfoxonium ylide 2 (1.0 equiv) with various 
anilines (1.2 equiv) in the presence of [Ir(COD)Cl]2 (2 mol %) 
in toluene at 150 °C under microwave reaction conditions 
afforded N-H insertion products 7 (Scheme 6).8 Surprisingly, 
unlike acceptor/acceptor diazo carbenes, these ylides did not 
undergo O-H insertion with phenols under metal catalyzed 
conditions.22 Instead, one pot reaction of these ylides with 
aniline and phenol shows excellent chemoselective N-H inser-
tion over O-H insertion.23  
Scheme 6. N-H Insertion of Sulfoxonium Ylidesa 
 
aReaction conditions: 2 (0.5 mmol), anilines (0.6 mmol), 
[Ir(COD)Cl]2 (2 mol %), toluene (2.0 mL), MW (150 °C), 45 
min. Yields are for the isolated product.  
In conclusion, we have developed a general and expedient 
procedure for the preparation of sulfoxonium and sulfonium 
ylides. Under rhodium-catalyzed conditions, active methylene 
compounds, such as β-diketoesters and β-diketones, coupled 
with commercially available inexpensive sulfide and sulfox-
ides to furnish sulfur ylides in moderate to good yields. Under 
similar reaction conditions, an unprecedented catalyst-based 
chemoselectivity switch was observed, favoring different 
types of nucleophiles. Furthermore, we established that sul-
foxonium ylides can be used as novel acceptor/acceptor car-
bene precursors for chemoselective N-H bond insertion of 
various anilines. 
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